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SEMICONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon and claims benefit 
5 of priority under 35 USC 119 from the Japanese Patent 
Application No. 2003-187996, filed on June 30, 2003, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
The present invention relates to a semiconductor 
device . 

As the degree of integration of semiconductor 
devices increases, devices such as a MOSFET used in the 
output stage are required to have a high drain voltage 
and a low ON resistance. To meet these demands, patent 
reference 1 (to be described later) discloses a device 
using a semiconductor substrate (SOI (Silicon On 
Insulator) siibstrate) having an insulating layer. 

This conventional device realizes a high drain 
voltage and a low ON resistance. However, a junction 
area present between an n-type offset layer 7 and p-type 
high-resistance semiconductor layer 3 shown in Fig. 1 of 
this reference is large. This increases the output 
capacitance in this junction portion. 

The following is the name of the reference 
disclosing this conventional semiconductor device. 
Patent No. 3217554 

As described above, the conventional semiconductor 
device has the problem that the output capacitance 
cannot be reduced. 

SUMMARY OF THE INVENTION 
According to one aspect of the present invention, 
35 there is provided a semiconductor device COTiprising: 

a semiconductor substrate having a surface on which 
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an insulating layer is formed; 

a first-conductivity-type first semiconductor layer 
formed on said insulating layer and having a first 
impurity concentration; 

a first-conductivity- type second semiconductor 
region formed in said first semiconductor layer from a 
surface of said first semiconductor layer to a surface 
of said insulating layer, and having a concentration 
higher than the first impurity concentration; 

a second- conductivity- type third semiconductor 
region formed in said first semiconductor layer from the 
surface of said first semiconductor layer to the surface 
of said insulating layer with a predetermined distance 
between said second and third semiconductor regions, and 
having a second impurity concentration; 

a second- conductivity- type fourth semiconductor 
region formed in a surface portion of said second 
semiconductor region, and having a concentration higher 
than the second impurity concentration; 

an insulating film formed over the surfaces of said 
first, second, third, and fourth semiconductor layers; 
and 

a control electrode formed on said insulating film, 
wherein a junction of first and second conductivity 
types formed between said first semiconductor layer and 
said third semiconductor region is positioned below said 
control electrode, or below an end portion, on a side of 
said third semiconductor region, of said control 
electrode, via said insulating film, 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a longitudinal sectional view showing the 
sectional structure of a semiconductor device according 
to the first embodiment of the present invention; 

Fig. 2 is a partially enlarged view showing, in an 
enlarged scale, an insulating film below a control 
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electrode of the semiconductor device according to the 
first embodiments- 
Fig. 3 is a graph showing the relationship between 
the position of a p-n junction from the end face of a 
5 control electrode and the withstand voltage in a 
semiconductor device according to the second embodiment 
of the present inventions- 
Fig. 4 is a graph showing the relationship between 
the p-n junction position from the control electrode end 
10 face and ON resistance X output capacitance in the 
semiconductor device according to the second embodiment; 

Fig. 5 is a longitudinal sectional view showing the 
sectional structure of a semiconductor device according 
to the third embodiment of the present invention; and 
15 Fig. 6 is a longitudinal sectional view showing the 

sectional structure of a semiconductor device according 
to the fourth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 Embodiments of the present invention will be 

described below with reference to the accompanying 
drawings . 

(1) First Embodiment 

Fig. 1 shows the sectional structure of a 
25 semiconductor device according to the first embodiment 
of the present invention. 

This device is formed using an SOI substrate. On 
the surface of a semiconductor siJbstrate 1, a 
high -resistance, p'-type active layer 3 is formed via an 
30 insulating layer 2 . The impurity concentration of the 
p"-type active layer 3 is desirably, e.g., 1 X 10^^ cm"^ 
or less. 

In the p"-type active layer 3, a p-type base layer 
4 is selectively formed deep enough to reach the 
35 insulating layer 2 from the surface. The p-type base 
layer 4 has an impurity concentration higher than that 



of the p~-tYPe active layer 3, and has functions of 
preventing punch-through and controlling the threshold 
value* 

An n'^-type source layer 5 is selectively formed in 
a surface p>ortion of the p-type base layer 4 . A source 
electrode 9 is connected to the surface of the p-type 
base layer 4 and the surface of the n*-type source layer 
5. 

Also, in the p'^-type active layer 3, an n-type 
drain layer 6 is selectively formed deep enough to reach 
the insulating layer 2 from the surface with a 
predetermined spacing, e.g., 0.5 /zm or less, between the 
p-type base layer 4 and n-type drain layer 6. A drain 
electrode 10 is formed on the surface of the n-type 
drain layer 6. 

A control electrode 8 is formed via an insulating 
film 7 on the surfaces of the n'^-type source layer 5, 
p-type base layer 4, p'-type active layer 3, and n-type 
drain layer 6. 

The film thickness of the insulating film 7 is 
substantially constant and small on the surfaces of the 
n^-type source layer 5 and p-type base layer 4 , and 
continuously changes so as to increase from the surface 
of the p"-type active layer 3 to the surface of the 
n-type drain layer 6. For example, the thickness of the 
thinnest portion below the control electrode 8 is 
desirably 50 to 150 nm, and the thickness of the 
thickest portion below the control electrode 8 is 
desirably 150 to 450 nm. 

In the semiconductor device according to this 
embodiment having the above arrangement, the n-type 
drain layer 6 is formed deep enough to reach the 
insulating film 2. This reduces the area of a p-n 
junction formed between the n-type drain layer 6 and p~ 
-type active layer 3. Since this reduces the 

drain/source capacitance, the output capacitance can be 
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reduced . 

Also, since the p~-type active layer 3 has a low 
impurity concentration and a high resistance, a 
depletion layer formed in the p-n junction between the 
5 n-type drain layer 6 and p""-type active layer 3 can 
largely expand. This increases the length of the 
depletion layer in the p-n junction, so the drain/source 
capacitance can be further reduced. 

In this embodiment, the n-type drain layer 6 is 

10 formed deep enough to reach the insulating layer 2, and 
the p-type base layer 4 is also formed deep enough to 
reach the insulating layer 2. Positive electric charge 
is present in the interface between the insulating layer 
2 and p~-type active layer 3, and an n~-type inversion 

15 layer is formed in the interface of the p'"-type active 
layer 3. 

Accordingly, when the n-type drain layer 6 is 
formed to reach the insulating layer 2, this n"-type 
inversion layer and the n-type drain layer 6 are 

20 connected. If the n^-type inversion layer is long, a 
leakage current readily flows through this portion. 
Therefore, the p-type base layer 4 is formed to reach 
the insulating layer 2 and stop the n"-type inversion 
layer, thereby preventing the leakage current. 

25 The film thickness of the insulating film 7 is 

small on the surfaces of the n*-type source layer 5 and 
p_type base layer 4 to improve the characteristics, and 
continuously increases from the surface of the p""-type 
active layer 3. to the surface of the n-type drain layer 

30 6 in order to increase the withstand voltage. 

Fig. 2 shows the insulating film 7 and its vicinity 
in an enlarged scale. 

The insulating film 7 can also be formed by, e.g., 
LOCOS which is used in the formation of an element 

35 isolation region. In this case, a silicon nitride film 
17 is formed on the surface of the thin portion of the 



insulating film 7. The film thickness of the portion on 
which the silicon nitride film 17 is not formed 
continuously increases. 

In this structure, the control electrode 8 can also 
be successively formed while the silicon nitride film 17 
remains. This makes the step of removing the silicon 
nitride film 17 unnecessary. Alternatively, the control 
electrode 8 can be formed after the silicon nitride film 
17 is removed . 
(2) Second Embodiment 

A semiconductor device according to the second 
embodiment of the present invention will be explained 
below. 

In the above first embodiment, the positional 
relationship between the control electrode 8 and an end 
portion 20 of the p-n junction between the p~-type 
semiconductor layer 3 and n-type drain layer 6 is not 
limited. 

In this embodiment, however, an end face 21, on the 
side of an n-type drain 6, of a control electrode 8 
shown in Fig. 1 is X-coordinate "0", and a distance x 
from this position to an end portion 20 of a p-n 
junction between a p~-type semiconductor layer 3 and the 
n-type drain layer 6 is limited. The distance x falls 
within the range of 0 ^x^ 0.8 jum. 

In this embodiment as described above, the position 
20 of the p-n junction formed on the surface of the p~ 
-type active layer 3 between the p"-type active layer 3 
and n-type drain region 6 is close to the end face 21 of 
the control electrode 8. This makes it possible to 
ensure the drain voltage and reduce the product (CR 
product) of ON resistance X output capacitance. This 
will be explained in more detail below with reference to 
Figs . 3 and 4 . 

Fig. 3 shows the relationship between the distance 
X from the end face 21, on the side of the n-type drain 



6, of the control electrode 8 to the position of the end 
portion 20 of the p-n junction between the p"'-tYpe active 
layer 3 and n-type drain region 6, and the withstand 
voltage pertaining to the drain voltage. This graph 
shows that if, for example, a necessary withstand 
voltage is 43 V or more, the distance x is within the 
range of -0.2 /xm^ x^ 0.8 /xm. 

Since the end portion 20 of the p-n junction is 
desirably positioned below the control electrode 8 in 
order to improve the characteristics, the distance x is 
within the range of 0 ixm ^ x^ 0.8 p,m. 

Fig. 4 shows the relationship between the distance 
X from the end face 21, on the side of the n-type drain 
6, of the control electrode 8 to the position of the end 
portion 20 of the p-n junction between the p~-type active 
layer 3 and n-type drain region 6, and ON resistance X 
OFF output capacitance (CR product) . 

This graph indicates that the larger the distance 
X, the smaller the CR product, and the more desirable 
the characteristics . 

The CR product within the range of Oiim^x^O.S 
/z m which is calculated from the withstand voltage 
characteristic is 2.64 pFQ ^ CR product ^2.90 pFQ . 

As shown in Figs. 3 and 4, the larger the distance 
X from the end face 21 of the control electrode 8 to the 
end portion 20 of the p-n junction, the smaller the CR 
product. However, if the distance x is too large, no 
withstand voltage can be assured any longer. Also, if 
the distance x is too small, the withstand voltage 
lowers, and the CR product increases. 

In this embodiment as described above, therefore, 
it is possible to ensure a desired withstand voltage and 
suppress an increase in CR product by limiting the 
distance x to 0 /xm ^ x ^ 0.8 /xm. 

When the insulating film 7 below the control 
electrode 8 is so formed that the film thickness of the 
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insulating film 7 continuously changes, stress damage 
may be given to the surface of the p~-type active layer 3 
to lower the channel mobility. However, the influence of 
this stress damage can be reduced by setting the 
position of the end portion 20 of the p-n junction as 
described above, so that the end face 21 of the control 
electrode 8 and the position of the end portion 20 of 
the p-n junction overlap. 
(3) Third Embodiment 

Fig. 5 shows the sectional structure of a 
semiconductor device according to the third embodiment 
of the present invention. 

As in the first embodiment described earlier, the 
semiconductor device of this embodiment is also formed 
using an SOI substrate. On the surface of a 

semiconductor substrate 1, a high-resistance, p"-type 
active layer 3 is formed via an insulating layer 2. 

As in the first embodiment, in the p~-type active 
layer 3, a p-type base layer 4 for preventing 
punch-through and controlling the threshold value is 
selectively formed deep enough to reach the insulating 
layer 2 from the surface. An n*-type source layer 5 is 
selectively formed in a surface portion of the p-type 
base layer 4 . A source electrode 9 is connected to the 
surface of the p-type base layer 4 and the surface of 
the n"^-type source layer 5. 

In the p~-type active layer 3; an n-type drain 
layer 6 is selectively formed deep enough to reach the 
insulating layer 2 from the surface with a predetermined 
spacing between the p-type base layer 4 and n-type drain 
layer 6. A drain electrode 10 is formed on the surface 
of the n-type drain layer 6. 

A control electrode 8 is formed via an insulating 
film 7 on the surfaces of the n^-type source layer 5, 
p-type base layer 4, p~-type active layer 3, and n-type 
drain layer 6. 
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The film thickness of the insulating film 7 is 
substantially constant and small on the surfaces of the 
n'*"-tYpe source layer 5 and p-type base layer 4 , and 
continuously changes so as to increase from the surface 
5 of the p~-type active layer 3 to the surface of the 
n-type drain layer 6. 

In addition, unlike in the first embodiment 
described previously, trenches 11 and 12 are formed in 
this embodiment. That is, on the surface of the p-type 

10 base layer 4, the trench 11 reaches the insulating layer 
2 from the surface near the end face of the source 
electrode 9 on the side away from the control electrode 
8. On the surface of the n-type drain layer 6, the 
trench 12 reaches the insulating layer 2 from the 

15 surface near the end face of the drain electrode 10 on 
the side away from the control electrode 8. 

The trenches 11 and 12 are filled with insulating 
films 13 and 14 such as silicon oxide films or 
polysilicon films into which no impurity is doped. 

20 As shown in Fig. 5, capacitances CI and C2 are 

present via the insulating film 2 between the n-type 
drain layer 6 and p-type base layer 4 . In this 
embodiment, the trenches 11 and 12 reduce the junction 
areas between the n-type drain layer 6 and semiconductor 

25 substrate 1, and between the p-type base layer 4 and 
semiconductor substrate 1, thereby reducing the 
capacitances CI and C2 between them. As a consequence, 
the source/drain parasitic capacitance can be reduced. 

Also^ as in the first embodiment, the n-type drain 

30 layer 6 is formed to reach the insulating layer 6. This 
reduces the area of the p-n junction formed between the 
n-type drain layer 6 and p"-type active layer 3. 
Accordingly, the drain/source capacitance reduces, and 
this reduces the output capacitance. 

35 In addition, since the p^-type active layer 3 has a 

low impurity concentration and a high resistance, a 
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depletion layer formed in the p-n junction between the 
n-type drain layer 6 and p~-type active layer 3 can 
largely expand. This increases the length of the 
depletion layer in the p-n junction, so the drain/source 
capacitance can be further reduced. 
(4) Fourth Embodiment 

The fourth embodiment of the present invention will 
be described below with reference to Fig. 6. 

In each of the first to third embodiments described 
above, the film thickness of the insulating film 7 is 
substantially constant and small on the surfaces of the 
n'^-type source layer 5 and p-type base layer 4 , and 
continuously changes so as to increase from the surface 
of the p"-type active layer 3 to the surface of the 
n-type drain layer 6. 

This is so because, as described previously, the 
insulating film 7 is formed so as to continuously 
increase its thickness only in a necessary portion, 
i.e., from the surface of the p~-type active layer 3 to 
the surface of the n-type drain layer 6, in order to 
obtain a high withstand voltage of, e.g., 40 V or more. 
The rest of the insulating film 7 is made thin on the 
surfaces of the n'^-type source layer 5 and p-type base 
layer 4, in order to improve the characteristics. 

In contrast, this embodiment is based on the use at 
a relatively low withstand voltage of, e.g. , about 20 V. 
In a case like this, good characteristics are obtained 
when an insulating film 7a is made thin. Also, to 
simplify the fabrication process, the film thickness is 
substantially constant and relatively small. 

The above embodiments are merely examples and hence 
do not limit the present invention. 

For examples, the conductivity types can be 
different from those in the above embodiments. In 
addition, the insulating film below the control 
electrode may also be formed 
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by a method other than LOCOS used in the embodiments . 

In the semiconductor device according to each 
embodiment of the present invention described above, a 
second-conductivity- type semiconductor region formed on 
5 the surface of a first-conductivity- type semiconductor 
layer on an insulating layer is formed deep enough to 
reach the insulating layer. Since this reduces the area 
of a junction of the first and second conductivity types 
present between the first-conductivity- type 

10 semiconductor layer and second-conductivity- type 
semiconductor region, the output capacitance can be 
reduced • 



